Sequencing RNAs that co-immunoprecipitate (co-IP) with RNA binding proteins has increased our understanding of splicing by demonstrating that binding location often influences function of a splicing factor. However, as with any sampling strategy the chance of identifying an RNA bound to a splicing factor is proportional to its cellular abundance. We have developed a novel in vitro approach for surveying binding specificity on otherwise transient pre-mRNA. This approach utilizes a specifically designed oligonucleotide pool that tiles across introns, exons, splice junctions, or other pre-mRNA. The pool is subjected to some kind of molecular selection. Here, we demonstrate the method by separating the oligonucleotide into a bound and unbound fraction and utilize a two color array strategy to record the enrichment of each oligonucleotide in the bound fraction. The array data generates high-resolution maps with the ability to identify sequence-specific and structural determinates of ribonucleoprotein (RNP) binding on pre-mRNA. A unique advantage to this method is its ability to avoid the sampling bias towards mRNA associated with current IP and SELEX techniques, as the pool is specifically designed and synthesized from pre-mRNA sequence. The flexibility of the oligonucleotide pool is another advantage since the experimenter chooses which regions to study and tile across, tailoring the pool to their individual needs. Using this technique, one can assay the effects of polymorphisms or mutations on binding on a large scale or clone the library into a functional splicing reporter and identify oligonucleotides that are enriched in the included fraction. This novel in vitro high-resolution mapping scheme provides a unique way to study RNP interactions with transient pre-mRNA species, whose low abundance makes them difficult to study with current in vivo techniques.
10. The final step in oligo preparation is to transcribe RNA using the MEGAshortscript™ Kit from Ambion. *The following protocol has been adapted from Ambion a. Thaw the T7 10x Reaction Buffer, four ribonucleotide solutions and water at room temperature while keeping the T7 Enzyme Mix on ice b. Assemble the reaction mixture in an RNase-free microcentrifuge tube at room temperature. Components of the reaction buffer can cause template DNA to precipitate if the reaction is mixed on ice. c. In the following order, pipette 3 μL nuclease-free water, 2 μL of the 10x reaction buffer, 2 μL of each 75 mM nTP solution, 5 μL of template DNA (the PCR amplified oligo pool) and 2 μL of T7 enzyme, for a final volume of 20 μL d. Flick the tube gently to mix the reaction then briefly microfuge to collect the mixture at the bottom of the tube. e. Incubate the reaction in a thermocycler at 37°C for 2 hours. Incubation time will be template-dependent, therefore it may be necessary to use a time-course experiment to determine the optimal incubation time for maximal yield f. After 2 hours, remove the template DNA by adding 1 μL of Turbo DNase to the reaction and incubate at 37°C for an additional 15 minutes g. Terminate the reaction and recover the RNA by phenol/chloroform extraction and ethanol precipitation.
a. For a 20 μL reaction volume, add 115 μL of dH 2 O and 15 μL of 3 M sodium acetate to the reaction. b. Mix thoroughly then add 75 μL of acidic phenol and 75 μL of chloroform. Mix the solution by vortexing, then microfuge for one minute at 13,000 rpm at room temperature. Transfer the aqueous layer to a new tube and repeat the extraction c. Transfer the aqueous layer to a new tube and add 150 μL of chloroform. Vortex the mixture and centrifuge as before. Transfer the aqueous layer to a new tube.
h. Recover the RNA by adding two volumes of 100% cold ethanol to the aqueous layer and mixing well. Chill the mixture for a minimum of 15 minutes at -20°C then centrifuge at 4°C for 15 minutes at maximum speed to pellet the RNA. Carefully remove the supernatant and resuspend the pellet in 105 μL of 0.1x Tris-EDTA (TE) Buffer..
11. It is difficult to remove all of the free nucleotides from the T7 Kit reaction, so for the most accurate results, quantify the RNA using RiboGreen. a. To begin the quantitation, first dilute enough 1x TE, 2,300 μL + 50μL/sample. b. Next, make the RiboGreen. You will need 1000 μL + 50 μL/sample. For high range samples (1 μg/mL to 20 ng/mL) mix the RiboGreen 1:200 in 1x TE; for the low range samples (50 ng/mL to 1 ng/mL) mix the RiboGreen 1:2000 in 1x TE; Pipette 50 μL of RiboGreen solution into each well of an opaque plate, starting with A1 and moving down, not across c. Dilute an RNA stock solution to 2 μg/mL for high range samples or 100 ng/μL for low range samples d. Using the stock solutions, create a standard curve by six subsequent 1:2 dilutions of the original 2 μg/mL or 100 ng/mL stock; Pipette 240 μL of the stock into a PCR strip tube. In the remaining 7 tubes, pipette 120 μL of 1x TE. Take 120 μL from the RNA stock well, and mix with tube 2. Take 120 μL from tube 2 and mix with tube 3. Repeat until tube 7. Tube 8 will only have TE and will be your blank. Pipette 50 μL of the standard curve solutions into the opaque plate, A1:H2 (run the curve twice) e. In a new tube, mix 45 μL of TE with 5 μL of the oligo pool and add all 50 μL to a well that contains 50 μL of RiboGreen. f. Using a plate reader set the machine to read fluorescence from the top after a one-minute mix with an excitation wavelength of 485 nm and emission wavelength of 530 nm and read the plate g. Use the standard curve generated to quantify the recovered RNA, which should be stored at -20°C.
Co-immunoprecipitation of the oligo pool with an RNP of interest
1. Prior to beginning the co-immunoprecipitation, prepare the Protein A and Protein G Dynabeads from Invitrogen by mixing them in a 1:1 ratio up to a final volume of 50 μL per reaction. For example, for two reactions you would add 50 μL each of each bead. 2. Use a Magnetic Separation Stand like this one from Novagen to hold the beads in place while you remove the supernatant and wash the beads twice with an equal volume of cold 1x PBS 3. After the second wash, resuspend the beads in an equal volume of cold 1x PBS and add 2 ng of the antibody per reaction. This amount may vary depending on the antibody, so experimentation is necessary to find the optimal conditions. 4. Incubate the antibody/bead mixture overnight at 4°C on a rotating platform 5. In the morning, add 2 μg per reaction of sonicated yeast total RNA to block non-specific binding, and rotate for an additional 30 minutes at 4°C. 6. Using the magnetic rack to hold the beads, remove the supernatant and wash the beads twice with cold 1x PBS, leaving the PBS from the second wash in the tube. 7. Take out new tubes, one for each reaction and aliquot 50 μL of the bead mixture into each tube. Let the beads sit while preparing a master mix 8. For each reaction add 200 ng of the oligo pool, an equimolar ratio of protection primers, 2 μg of sonicated yeast total RNA, 20 μL of HeLa nuclear extract (this is the RNP source), and buffer E to bring the volume up to 120 μL. The protection primers are RNA versions of the universal primers. Order transcription templates of the universal primers with a T7 tag appended to the end, then transcribe RNA from the templates using the MEGAshortscript™ Kit . 9. Remove the supernatant from the bead aliquots and resuspend beads in 120 μL of the master mix. Rock the reactions at 4°C for 1-2 hours. 10. After the incubation, for each reaction, remove a small aliquot (including the beads) for a "total" RNA sample 11. Place the remainder of the reactions on the magnetic separation stand and remove the supernatant. Although it is not necessary to analyze this flow-through sample downstream, it may be useful to save. 12. Wash the beads 1-2 times with 50 μL of cold 1x PBS. The RNA bound to the antibody on the beads is the "IP" sample. 13. Resuspend the "total" and the "IP" beads in 50 μL of 1% SDS in 0.1x TE buffer and heat the samples at 65°C for 15 minutes to elute the RNA. 14. Remove the supernatant, which now contains the RNA that was previously bound to the beads and clean by phenol/chloroform extraction followed by an ethanol precipitation. Dry the pellet and resuspend it in 50 μL 0.1x TE buffer. B. Synthesis Array. Tiled oligo orders should be submitted to Agilent, where the sequences will be printed on a custom oligonucleotide microarray.
